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[Document Name] Description 



[Title of the Invention] The ITO film formation method for a semiconductor photoelectric element 



[Claim(s)] 



[Claim 1] as opposed to the semiconductor photoelectric element which changes light and electricity 
In2 03-Sn02 from - [ it is the method of forming the ITO film which changes and whose electric 
conductivity it is transparent and is high, and ] The ITO film formation method for the semiconductor 
photoelectric element characterized by heating and carrying out an annealing to a predetermined 
temperature after forming said ITO film to said semiconductor photoelectric element. 



[Detailed Description of the Invention] 



[0001] 



[Industrial Application] This invention relates to the technology which forms an ITO film in the 
semiconductor photoelectric element which changes light and electricity. 



[0002] 
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[Description of the Prior Art] The semiconductor photoelectric element which the light emitting diode of 
a surface-emitting type, a photo-diode, a photo transistor, a solar battery, etc. change electricity into 
light, or changes light into electricity is known widely. [ a semiconductor photoelectric element ] 
although the electrode was attached to both sides of an element, drive voltage is impressed or such a 
semiconductor photoelectric element has taken out development electric current it is necessary to make 
it check neither luminescence nor light-receiving about the electrode by the side of a luminescence side 
or an acceptance surface - as a way stage for it ~ In2 03-Sn02 from - it considers preparing the ITO 
film which changes and whose electric conductivity it is transparent and is high. 

[0003] 

[Problem to be solved by the invention] However, when the above-mentioned ITO film was formed on 
the surface of a semiconductor by sputtering etc., the contact resistance between both was high and was 
not necessarily practical. Drawing 5 is an example of the current/voltage characteristics at the time of 
forming an ITO film in the GaAs semiconductor widely used for the semiconductor photoelectric 
element, needs the voltage of about 3.6v for sending 50mA electric current, and cannot apply it to the 
light emitting diode which wants to operate about 1 ,6V. 

[0004] There is a place which succeeded in this invention against the background of the above situation, 
and is made into the purpose in reducing the contact resistance between a semiconductor and an ITO 
film. 

[0005] 

[Means for solving problem] As opposed to the semiconductor photoelectric element from which this 
invention changes light and electricity in order to attain this purpose In2 03-Sn02 from - it is the 
method of forming the ITO film which changes and whose electric conductivity it is transparent and is 
high, and after forming said ITO film to said semiconductor photoelectric element, it is characterized by 
heating and carrying out an annealing to a predetermined temperature. 

[0006] 

[Working example] One work example of this invention is hereafter explained in detail based on 
Drawings. 

[0007] Drawing 1 is the figure to explain the structure of the surface-emitting type light emitting diode 
10 as a semiconductor photoelectric element, and on p-GaAs substrate 12 [ with epitaxial growth 
technology, such as the MOCVD (organic metal chemical vapor deposition) method, ] The 
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semiconductor multilayer film reflector 14, the p-AlGaAs cladding layer 16, the p-GaAs active layer 18, 
the n-AlGaAs cladding layer 20, and the n-GaAs cap layer 22 are laminated one by one by 
predetermined thickness, respectively, the cap layer 22 top - In2 03-Sn02 from while ITOTilm 24 
which changes and whose electric conductivity it is transparent and is high is formed, the metal 
electrodes 26 and 28 are attached to the part on the ITO film 24, and the undersurface of a substrate 12, 
respectively. After the membrane formation, under the nitrogen-gas-atmosphere mind which is about 
100 ppm, oxyecoia partial pressure holds ITO film 24 for 5 minutes at 800 degrees C, and anneals it at 
them while it is formed on the cap layer 22 of sputtering. In addition, the thickness of each part in 
drawing 1 is not necessarily what was shown at an exact rate. 

[0008] As for this surface-emitting type light emitting diode 10, double hetero structure is constituted by 
the p-AlGaAs cladding layer 16, the p-GaAs active layer 18, and the n-AlGaAs cladding layer 20. By 
impressing forward voltage between electrodes 26 and 28, light is emitted from an active layer 18, ITO 
film 24 is passed, and it is emitted from the upper surface 30. Said semiconductor multilayer film 
reflector 14 reflects the light which advanced to the substrate 12 side by light wave interference, and, 
thereby, high optical power is obtained. 

[0009] Here, in this example, while the current distribution in an element serves as abbreviation 
homogeneity and light is emitted throughout an active layer 1 8 even if an electrode 26 is small since 
ITO film 24 whose electric conductivity it is transparent and is high is formed under the electrode 26, 
light is taken out good through ITO film 24. And since the annealing is given after membrane formation, 
the contact resistance between the cap layers 22 is low, for example, the voltage drop in the case of 
sending the electric current which is 50mA is about 0.1 V, and this ITO film 24 can operate the surface- 
emitting type light emitting diode 10 good on about [ 1.6V ] voltage. 

[0010] In order to clarify the resistance reduction effect by the above-mentioned annealing, the ITO film 
was formed in the GaAs semiconductor and current/voltage characteristics were investigated, (a) of 
drawing 2 is the prepared GaAs semiconductor 40, board thickness is 350 micrometers and sizes are 
40mm x 40mm. ITO film 42 was formed in this GaAs semiconductor 40 by sputtering, and the test piece 
44 shown at (b) of this figure was produced. Membrane formation conditions Ar pressure: 3mTorr (flow 
rate 40SCCM), oxygen flow rate:0.2SCCM, supplied power: - about - 80W (constant current source 
DC260mA), substrate temperature: 3 50 degree C, clearance:65mm with a target, membrane formation 
time:32 minutes and 19 seconds, and use target:ITO HP article (Sn02 10wt%) 4"phi it is . Then, as 
shown in (c) of this figure, on both sides of the above-mentioned test piece 44, the annealing was given 
from the upper and lower sides with a pair of GaAs semiconductors 46 and 48. The annealing was 
performed by carrying out room temperature cooling, after oxyecoia partial pressure held for 5 minutes 
at 400 degrees C under the nitrogen-gas-atmosphere mind which is about 100 ppm. In order to keep As 
of the GaAs semiconductor 40 from flying, inserting a test piece 44 with the GaAs semiconductors 46 
and 48 heated by nitrogen-gas-atmosphere mind in order to prevent oxidation of the GaAs 
semiconductor 40. And while attaching the metal electrode 50 all over the undersurface by the side of 
the GaAs semiconductor 40 of the taken-out test piece 44, the metal electrode 52 was attached to a part 
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of upper surface of ITO film 42, and current/voltage characteristics were investigated. The sizes of the 
metal electrode 52 are 350 micrometers x 350 micrometers. 

[001 1] Drawing 3 is the figure showing the above-mentioned test result, and voltage required to send 
50mA electric current is about 0.9v. [ similarly / case / where the cooking temperature of an annealing is 
650 degrees C, 700 degrees C, 750 degrees C, and 800 degrees C ] Current/voltage characteristics are 
investigated, respectively, it is drawing 4 which plotted voltage required to send 50mA electric current, 
and it is set to about O.lv when an annealing is carried out at 800 degrees C like said work example. 
[ drawing 5 / the result of having attached electrodes 50 and 52 and having investigated current/voltage 
characteristics without giving an annealing to said test piece 44 ] on the other hand in this case, sending 
50mA electric current -- about -- the voltage of 3.6V is required, and if an annealing is given after 
forming ITO film 42 from results, such as this, it turns out that the contact resistance between the GaAs 
semiconductors 40 is reduced sharply. 

[0012] In addition, although the upper example explained the surface-emitting type light emitting diode 
10, this invention may be similarly applied to other semiconductor photoelectric elements, such as a 
photo-diode and a solar battery, and the semiconductor photoelectric element using semiconductors 
other than GaAs. 

[0013] Moreover, although heat time explained the case where cooking temperature was 400 degrees C - 
800 degrees C, in 5 minutes in the above-mentioned example of an examination, annealing conditions 
may be changed suitably. However, about 650 degrees C or more of cooking temperature are desirable 
so that clearly from drawing 4. It can change suitably also about the membrane formation means and 
membrane formation conditions at the time of forming an ITO film. 

[0014] 

[Effect of the Invention] Thus, if an annealing is given after forming an ITO film, contact resistance will 
be reduced sharply and will become possible [ using a transparent ITO film for the electrode part of a 
semiconductor photoelectric element ]. 

[Brief Description of the Drawings] 

[Drawing 1] It is a figure explaining an example of the surface-emitting type light emitting diode in 
which the ITO film was prepared according to this invention method. 

[Drawing 2] In order to clarify the effect of this invention, it is a figure explaining the test method at the 
time of forming an ITO film in a GaAs semiconductor, giving an annealing, and investigating current/ 
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voltage characteristics. 

[Drawing 3] It is the figure showing current/voltage characteristics in case the cooking temperature of an 
annealing is 400 degrees C. 

[Drawing 4] It is the figure showing voltage required to send 50mA electric current with a relation with 
the cooking temperature of an annealing. 

[Drawing 5] It is the figure showing the current/voltage characteristics at the time of not giving an 
annealing. 

[Explanations of letters or numerals] 10: Surface-emitting type light emitting diode (semiconductor 
photoelectric element) 24 : ITO film 



[Translation done.] 
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